INTRODUCTION
Intracerebral hemorrhage (ICH) accounts for 8-30% of the total stroke, although there is a difference by race. ICH is a serious disease with mortality and morbidity ranging from two to six times higher than ischemic stroke. 5) The most common cause is arterial hypertension and about 60% of hypertensive ICH occurs in basal ganglia. There is still controversy about the optical treatment of ICH. For the surgical indications, surgical removal is not necessary if the amount of hemorrhage is small with alert conscious-ness and minimal neurologic deficits; however, moribund patients with extensive hemorrhage require surgical removal. In the cases of the rapidly progressing deterioration of consciousness, urgent surgical removal wound be beneficial for lifesaving. 28) There is much controversy on when and how the removal of hematoma should be performed in the patients who are initially non-comatose with neurologic deficits.
Rapid removal of hematoma would improve perfusion of the compressed brain parenchyma, relieve intracranial hypertension, and eliminate the blood breakdown product, thereby minimize secondary brain edema and its neurotoxicity. was used as a frameless technique in some patients since 2012. In the cases using stereotactic head frame, head frame was fixed to the patient under local anesthesia and axial CT scan was performed with 5-mm slice thickness. X, Y, and Z coordinates of target point relative to the stereotactic frame were calculated and approached through ipsilateral Kocher's point or the nearest non-eloquent cortex from hematoma.
MATERIALS AND METHODS
Neuronavigation was used after co-registration by setting a reference point with an error range of less than 2 mm. One to three aspiration tracks were used according to the shape and size of the hematoma. After insertion of soft ventricular catheter with 2-mm inner diameter with rigid metal guidance cannula, the metal cannula was removed, and hematoma was aspirated using a syringe applying negative pressure manually. The hematoma was aspirated gently with as little negative pressure as possible, so that the syringe scale did not exceed 2-3 cm. The catheter was connected to a closed drainage system and postoperative CT scan was performed immediately after aspiration. Thrombolytic therapy with urokinase irrigation was performed if the remaining hematoma volume was more than 15 mL. Urokinase 5,000 IU was mixed with 1 mL of sterile saline every 6 hours for 1-3 days, the catheter was clamped for 1 hour, and opened again to release it naturally. A is the longest diameter in the axial CT image, B is the diameter perpendicular to A in the same slice, and C is the slice width, 1 for 75% to 100% of the slice measured A and B, 0.5 for 25% to 75%, and 0 for 25% or less. Patients were classified by surgical timing from onset and volume of residual hematoma after aspiration. Surgical timing was divided into < 1 day, 1-3 days, 3-7 days, and ≥ 7 days. The volume of residual hematoma after aspiration was divided into 60% or more and less than 60% compared to the volume of hematoma before aspiration. For minimal invasive aspiration, frame-based CTguidance aspiration was used in 64 patients (79%), frameless aspiration using neuronavigation in 14 patients (17%), and three patients (4%) with hemorrhage located in the subcortical area were operated manually without an assistance. In five patients, the hematoma volume was increased at CT scan before aspi-Surgical timing p-value < 1 day (n = 27) 1-3 day (n = 33) 3-7 day (n = 16) ≥ 7 days (n = 5) Values are presented as mean ± standard deviation, number (%), or number (range). IVH = intraventricular hemorrhage; GCS = glasgow coma scale; ICU = intensive care unit. *Statistically significant finding. Table 1 . Characteristics of patient group according to surgical timing Fig. 1 . The volume ratio before aspiration, after aspiration, and after drainage according to surgical timing. When compared the volume of hematoma according to surgical timing, there is no difference in volume before aspiration. However, the residual volume ration of the CT scan immediately after aspiration is significantly lower with delayed aspiration, without significant difference in the residual volume ratio of the last CT scan performed after drainage. CT = computed tomography.
Pre-and post-operative evaluation

Statistical analysis
ration than performed at admission, and the degree of Values are presented as number (%). GOS = Glasgow outcome scale. *Statistically significant finding. Values are presented as mean ± standard deviation or number (%) unless otherwise indicated. M = male; F = female; GCS = Glasgow coma scale. *Statistically significant finding. Table 3 . Factors associated with residual volume after aspiration tion was significantly lower with delayed aspiration.
However, there was no significant difference in the residual volume ratio of the last CT scan performed after continuous drainage. Fig. 1 describes the volume ratio before aspiration, after aspiration, and after drainage according to surgical timing. Except of the five patients who underwent aspiration after 7 days with median initial GCS score of 15, the earlier the aspiration was performed, the shorter the intensive care unit stay period was, without statistical significance (7.1 ± 5.7 vs. 8.6 ± 7.6 vs. 11.4 ± 7.8 vs. 8.2 ± 8.7 days, p = 0.162). Table 2 shows the neurologic outcome with GOS score after 1 and 6 months of aspiration according to surgical timing. The favorable outcome of 1-month GOS 4 or 5 was significantly better in the group with delayed aspiration after more than 7 days (p = 0.029) (Fig. 2) . This is associated with that delayed aspiration was usually performed in a neurologically stable group with a high GCS score. However, there was no significant difference in postoperative 6-months GOS score between the four patient groups. However, the stereotactic frame was used at a higher rate in the patient group with residual volume less than 60%, and neuronavigation use rate was higher in the group with residual volume more than 60% (p = 0.027). In addition, we found that as the stereotactic aspiration was performed later from onset, more hematoma volume was removed (78.1 ± 106.1 vs. 45.0 ± 37.1 hours, p = 0.049). There was no statistically significant correlation between residual volume immediately after aspiration and GOS after 1 or 6 months.
Patients with residual hematoma volume ratio less than 60% had drainage for mean 1.9 days, while those over 60% had drainage for mean 2.3 days. Values are presented as mean ± standard deviation or number (%) unless otherwise indicated. M = male; F= female; IVH = intraventricular hemorrhage; GCS = Glasgow coma scale. *Statistically significant finding. Table 4 . Factor associated with favorable outcome after postoperative 1 and 6 months month was 56 years, which was significantly lower than the mean age of 65 years with unfavorable outcome (p = 0.035). A factor which has significant correlation with postoperative 6-months favorable outcome was the volume of final hematoma after drainage (p = 0.017) and the final hematoma volume ratio after drainage compared to initial volume (p = 0.028).
There was no significant correlation between neurologic outcome and sex, age, hematoma location and side, aspiration method, presence of IVH, surgical timing, volume of hematoma before aspiration, remained volume after aspiration or initial GCS. 14) The authors compared patients divided into groups that had been operated before and after 24 hours, and reported that early aspiration group showed a better neurologic outcome at the early recovery phase but no difference in the final outcome. The difference from our study was that the surgical timing was widely divided on a 24-hour basis and that the early phase outcome was better in the early surgical group. These differences may be due to the fact that our study included patients with more hematoma volumes and that the location of ICH included in our study varied. Perihematomal glutamate level was found to increase BBB permeability and brain edema. 7) The degree of secondary brain injury is related to the exposure time of brain to hematoma and volume of hematoma. In the experimental study measuring the perihematomal glutamate level, BBB permeability, and brain water contents in rats after ICH aspiration at 6, 12, 18, and 24 hours after onset, the group with removal of hematoma between 6 and 12 hours from bleeding showed the greatest pathophysiological reduction compared to the control group. 32) In this study, no patient underwent aspiration within 6 hours of onset, and two patients within 6-12 hours were included. One patient underwent stereotactic aspiration for hematoma of 34.1 mL after 10
hours. Remaining hematoma of 24.2 mL (76.9%) was found immediately after aspiration, but final remaining volume was 7.3 mL (21.4%) after urokinase irrigation for 2 days. The patient's GOS score was 3 in both 1 and 6 months follow-up. The other patient underwent early aspiration at 8 hours of onset because hematoma volume was increased from 15.1 mL to 19.8 mL in the follow-up CT and the hematoma re-bleeding was suspected. On the CT just after aspiration, the amount of hematoma was significantly increased into 88.67 mL (448.3%). Craniectomy was required and both 1 and 6 months GOS score was 2. In our experience, it was safe to perform aspiration after at least 12 hours of onset, considering the risk of early rebleeding and the need to check the increase of hematoma volume requiring craniotomy than minimally invasive aspiration.
In this study, the volume of final hematoma after drainage was an important factor for prognosis which has significant correlation with postoperative 6-months favorable outcome. The relationship between the amount of hematoma and poor prognosis is 
CONCLUSION
The earlier the ICH aspiration, the more volume left just after aspiration. However, after 2-3 days of drainage with or without thrombolytic agent, a similar amount of 16-19% of residual hematoma is left. There is a difference in neurologic outcome after 1 month according to surgical timing of hematoma aspiration, but it eventually becomes similar after 6 months. The only factor affecting the postoperative 6-months neurologic outcome is the final volume of remaining hematoma after drainage.
